The nanographite grains, the diameter of which was around 5 nm, were formed on Pt͑111͒ by exposing the Pt͑111͒ substrate to benzene gas at room temperature and annealing it up to 850 K. The increase of relative number of edge atoms enabled the observation of edge-derived electronic states. The measurement of ultraviolet photoelectron spectroscopy and near edge x-ray absorption fine structure on the nanographite revealed the appearance of the edge state located at the Fermi level.
The nature of graphite edges has attracted considerable attention for its peculiar electronic states. In the graphitic structure, there are two types of edges: a zigzag edge and an armchair edge. Theoretical studies of single layer graphite ribbons show that the zigzag edge has a localized edge state at the Fermi level ͑E F ͒, while the armchair edge has no such state.
1 First principles calculations show that magnetic instability may occur due to a Fermi surface instability in the zigzag edge state. 2 Experimentally, the peculiar electronic structures, arising from this "edge state," were observed by means of scanning tunneling spectroscopy ͑STS͒ measurements. [3] [4] [5] [6] In these studies, the edge state appearing only at the peripheral region of the graphite was observed by local probe techniques. The electronic structure of the greater part of the sample, on the other hand, is that of the bulk graphite. For a practical use it is necessary to enhance the contribution of the edge in the graphitic structure. In the past works artificial synthesis of the graphite edges was examined. 7, 8 However, the electronic structure characteristic of the edge state has not been observed yet. If the nanometer scale graphite grains could be fabricated, the nature inherent in the edge states would appear on the macroscopic scale. In the present work we tried to synthesize the nanometer scale graphite ͑nanographite͒ grains to aim at realizing the appearance of zigzag edge state on the macroscopic scale.
The experiments were performed in a custom-designed ultrahigh-vacuum ͑UHV͒ system with a base pressure of 10 −7 Pa. A mechanically and electrochemically polished Pt͑111͒ substrate was cleaned by repeated cycles of Ar + sputtering and annealing at 1300 K. The specimen of nanographite film was prepared by exposing the Pt͑111͒ substrate to a 200 L ͑1 L=1ϫ 10 −6 torr sec͒ benzene gas at room temperature ͑RT͒ and annealing it up to 850 K for 30 min. After the growth, Auger electron spectrum ͑AES͒ and ultraviolet photoelectron spectrum ͑UPS͒ were measured with a hemispherical energy analyzer ͑SPECS, PHOIBOS-100͒. C K-edge near edge x-ray absorption fine structure ͑NEXAFS͒ was measured at the BL-7A of the Photon Factory in the Institute of Material Structure Science ͑Tsukuba, Japan͒. The partial electron yield method was adopted to obtain C K-edge NEXAFS. 9 All the spectroscopic measurements were done in ultrahigh vacuum without the grown specimen exposed to the atmosphere. The surface morphology was observed by a scanning tunneling microscope ͑STM͒ in the atmosphere. Figure 1͑a͒ shows a STM image of the nanographite film. As shown in the inset of Fig. 1͑a͒ , the film grown at RT consists of plenty of grains whose diameters were approximately 5 nm. When the Pt substrate was exposed to benzene gas at elevated temperatures, the grain size increased with the increasing substrate temperature, as shown in Fig. 1͑c͒ . We defined the specimen fabricated at RT as the nanographite film and investigated the electronic structure of the film by spectroscopic measurements. In order to characterize the nanographite film through comparison with the graphite of the same thickness, a single layer graphite ͑graphene͒ film was prepared by chemical vapor deposition. 10 Figure 1͑b͒ of Fig. 1͑a͒ . Judging from the intensity of carbon signal in their Auger electron spectra, the surface coverage was around 0.9 in both films.
As we could prepare the nanographite film, the electronic structure was investigated in situ by UPS and NEX-AFS. Figure 2͑a͒ shows the UPS spectrum of the nanographite and the graphene films measured with a He I ͑21.2 eV͒ source. In these spectra, there appeared four platinumderived states at 0.14, 1.5, 2.6, and 4.0 eV. 11 The UPS spectra in the region with binding energies larger than 0.8 eV were almost the same between the nanographite and graphene films. In the narrower energy range spectrum ͓Fig. 2͑b͔͒, however, there is a difference near the E F . In order to see the difference, the graphene spectrum was subtracted from the nanographite spectrum ͓solid line in Fig. 2͑c͔͒ . It is clearly seen that an electronic state E is formed in the nanographite spectrum grown at RT. In addition, the difference was found to decrease for the graphite grains grown at 500 K. In the nanographite grains, the zigzag edge and the armchair edge would be intermingled. The theoretical studies predict that the zigzag edge state causes the electronic states around the E F , which could be distinguished from that of bulk graphite.
1 On the contrary, the armchair edge state would be smeared in that of bulk graphite. Thus it is likely that the electronic state ͑E͒ in the difference spectrum is considered to originate from the occupied zigzag edge state. Figure 3͑a͒ shows the NEXAFS spectrum of the nanographite film. Three main features are observed in the spectrum: a shoulder at 283.8 eV ͑p1͒, a sharp peak at 285.1 eV ͑p2͒, and another sharp peak at 287.5 eV ͑p3͒. Two intense peaks ͑p2 and p3͒ are assigned to the C1s-to-* ͑C v C͒ transition and to the C1s-to-* ͑C-H͒ transition, respectively. 12 In contrast, the small peak at 283.8 eV has not been reported yet. The position of the E F can be estimated from the binding energy of C1s x-ray photoelectron spectroscopy ͑XPS͒ spectra ͑not shown here͒ and it is located at 284.0 eV, a little higher than the peak ͑p1͒. The transition energy observed in the NEXAFS spectrum is determined by final state effect, not the ground state properties. It depends on the intramolecular screening, i.e., self-screening of the core hole by the exited electron. Therefore, it is not unreasonable that the empty state can be observed below the E F , which is determined by XPS. 13 Thus an empty state ͑E * ͒ is considered to be formed at the energy close to E F . Since the C K-edge NEXAFS observes the empty states arising from the carbon orbitals, the observed E * state reflects the electronic structure of the nanographite. The NEXAFS and UPS results indicated that we are dealing with a broad surface state which is centered at the Fermi level and is partially occupied. It can be considered that these states ͑E and E * ͒ originate from the edge states appearing at the zigzag edge of graphite. Finally, the intensity ratio of the p1 peak to the * peak is estimated to be 0.18, which is close to 0.20 expected for the number ratio of peripheral carbon atoms to the interior carbon atoms in the round-shaped nanographite with the diameter of 5 nm.
The advantage of NEXAFS is the possibility to discuss the geometry of the final state. We discuss the edge state ͑E * ͒ from the polarization dependent NEXAFS spectra, as shown in Fig. 3͑b͒ . In the present case, the NEXAFS intensity is written as I = PI ʈ + ͑1− P͒I Ќ , using polarization factor P, the intensities associated with parallel and perpendicular components of the incident x ray, I ʈ and I Ќ , described below.
where is the x-ray incidence angle from the surface and ␣ is the polar angle of the molecular orbital. The NEXAFS spectra of the * peaks and E * peaks were fitted with the above equations, 13 and the mean inclination angles of * and E * orbitals were estimated to be 22°and 44°from the surface normal, respectively. Judging from the inclination angle of the * state, the interior of nanographite grains is not completely parallel to the substrate, which would have been expected for a flat graphite flake. The larger inclination angle of the E * state suggests that the peripheral region of the nanographite grains is much more tilted from the surface parallel so that the shape of the nanographite grains is like a pressed dome, which can be observed by the STM images. Theoretical investigations reported that the lattice distortion is in- duced by an electron-phonon interaction in the nanographene ribbons. 14 The lattice distortion would cause the deformation of the nanographite grains due to disadvantage of the flatness.
In conclusion, we have succeeded in preparing the nanographite films, the diameter of which was as small as 5 nm. The electronic structure characteristic of the edge state was observed by a conventional spectroscopic method, which could be realized by increasing the component of edge states. The present result opens a way to reveal the intriguing property such as magnetism originating from the zigzag edge states of graphite. 
